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The bubble-size distribution in liquid foams 
measured as a function of t i me can be used to 
distinguish between the physical processes that 
determine the breakdown of foams. A new method based 
on an optical fibre technique was developed to 
measure various foam characteristics e.g. the rate 
of drainage, the rate of foam collapse, the change 
in gas fraction, interbubble gas diffusion 
(disproportionation) and the evolution of the 
bubble - size distribution during the ageing of the 
foam. The method consists of an optical sensor that 
can distinguish between phases with distinct 
refractive indexes as are found in liquid foams. 
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Introducti on 
Foams are basically unstable, meaning that foam 
properties vary with time as a result of shifts in 
the spatial distribution of gas and l iquid in the 
foam. The three main physical processes that 
contribute to the instabi 1 i ty of foams are 
drainage, coalescence and disproportionation. 
Drainage is the liquid flow from a foam caused 
by gravity and capillary forces resulting in a 
dryer foam in which the bubbles may become 
di started. Coalescence is the merge of two bubbles 
as a result of the rupture of the film between the 
bubbles. Larger bub bles appear and the number of 
bubbles decreases . Disproport i onation is 
interbubble gas diffus i on resu l ting in growth of 
the larger bubbles and shrinkage of the smaller 
bubbles that may finally disappear. 
These three processes affect the distribution 
of the 1 iquid and gas phase i n the foam and thus 
alter the foam properties (Ronteltap 1989). A new 
method called the Foam Analyzer was developed to 
measure various foam characteristics (Ronteltap et 
al. 1989). Since then, the apparatus has undergone 
great improvements. As a result of automation of 
the method, the resolution is increased, the time 
needed for the calculation of the bubble-size 
distribution was reduced to 1 minute, making it 
possible to do measurements every minute and the 
method, including foam production, was completely 
standardized. Therefore the properties of the 
liquid used for foam production determine the 
characteristics of the initial foam column. 
Furthermore the technique to produce the 
hemispherical tip at the end of the glass fibre was 
improved . It is pos si bl e now to measure the rate of 
drainage, the rate of foam collapse, changes in the 
gas fraction and the foam height and the evolution 
of the bubble-size distribution simultaneously in 
one sample as a function of time. 
Pri nc iple and perfonnance of the technique 
In the Foam Analyzer (a schematic drawing is 
presented in figure 1) a mechanical part is used to 
move the glass fibre downwards through a foam at 
known speed in such a way that the position of the 
glass fibre sensor is known as a function of time. 
An opto-electronic part that consists of the 
optical glass fibre sensor and electronic equ i pment 
is used for signal conversion, data-acquisition and 
data processing. From the opto-electronic unit, 
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Figure 1: A schematic representation of the Foam 
Analyzer . 
light is sent into the fibre. At the end of the 
fibre, the amount of light reflected depends on the 
optical properties of the surrounding medium. The 
ref1 ect ion of the 1 i ght in the end of the sensor is 
discussed first by Frijlink (1987) and later by 
Akkennan et al. (1991). They explain that the amount 
of reflected 1 ight depends to a large extent on the 
difference between the refractive index of the glass 
and the refractive index of the medium surrounding 
the sensor. Therefore, the two phases in foam, i.e. 
liquid and gas, can be distinguished by moving the 
glass fibre sensor through the foam. 
By doing measurements in a system that consists 
of several horizontal films at known distances in a 
capillary tube the necessary frequency of sampling 
was determined. It became clear that at a sensor 
speed of 10 em s · 1 , the sampling frequency had to be 
at least 100 kHz in order to get accurate results. 
At lower sampling frequencies, not all the films 
were detected when they became thin as a result of 
drainage and evaporation. 
Experiments were done in which the gas fractions 
were calculated independent l y in two different ways 
in order to get information about the relation 
between the accuracy of the method and the sampling 
rate and sensor speed. In one way the gas fraction 
was calculated with equation 1. 
(I) 
where ¢1
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The gas fraction in the foam [ - ). 
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The distance from the starting 
position of the glass fibre 
sensor to the liquid surface 
before a foam column is produced 
[m). 
The distance from the starting 
position of the glass fibre 
sensor to the foam surface [m]. 
The distance from the starting 
position of the glass fibre 
sensor to the liquid-foam 
interface [m). 
In the second way the gas fraction follows from the 
gas chord lengths and the total foam height. The 
gas fraction is equal to the sum of the chord 
lengths corresponding to the gas phase divided by 
the foam height . This theory is known as Rosiwal's 
"1 inear integration" (Weibel 1979). From these 
experiments, the conclusion could be drawn that the 
optimum combination of the sensor speed and the 
sampling rate was respectively 10 ems· ' and 1 MHz . 
The maximum difference between the two independent 
calculated gas fractions was ± 0.2% of gas. This 
maxinum difference includes the errors made in the 
measurement of the heights of the foam liquid 
interface and especially the foam surface . These 
interfaces are not completely flat. Measurements 
with 1 ower sensor speeds and/or 1 ower samp 1 i ng 
rates resulted in differences between the gas 
fractions up to 30% of gas. It would be interesting 
to do measurements using higher sampling rates in 
combi nation with higher sensor speeds, but at this 
moment there is no hardware available that can 
measure with sample rates higher than 1 MHz and 
that can be used in a personal computer. 
The parameters used for analysis of the signal 
in order to distinguish between liquid and gas were 
determined with experiments done with single films . 
Figure 2 is representing the signal when the sensor 
moves through a horizontal single film made in a 
small cylinder. From left to right, the signal 
corresponds to a downwards movement of the sensor. 
The sensor is wetted i111nediately when it enters the 
film. The signal level increases from the gas to 
I iquid level between two sample points which 
corresponds to a time of 10·6 s (0.1 Jim movement of 
the sensor) or less. When the sensor leaves the 
film, the signal decreases much slower to the gas 
level . This process takes more time because the 
thin liquid film that remains a r ound t he sensor tip 
has to drain or evaporate to a thickness of about 
0.18 Jim so that a 1 arge amount of the light wi 11 be 
reflected in the sensor tip. Additionally t here is 
a liquid flow in the film around the sensor tip 
upwards the glass fibre to the plateau border of 
the film that has been pierced by the sensor as a 
result of the higher Laplace pr essure in the film 
at the sensor tip compared to the p 1 ate au border. 
The electronic noise in the signal is filtered by 
means of the computer program. 
When the sensor is moved downwards through a 
foam an alternating analogue signal caused by gas 
and liquid phase trans i tions is ob t ained. Th is 
signal contains information about the chord lengths 
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Figure 2: The signal obtained by moving the sensor 
through a single film . 
Figure 3: A schematic representation of events 
which occur when the sensor is moved through a 
foam. 
the sensor travels through the phases. A schematic 
drawing of a part of the path of the fibre sensor 
through a foam is presented in figure 3. The 
analogue signal is sampled at 1 MHz. The data are 
initially stored in the internal memory of the data-
acquisition board. The analogue signal is digitized 
by means of a computer program. The program 
distinguishes between the positive and negative 
slopes of the analogue signal. A part of the 
analogue signal is considered to be "wet 11 (i.e. the 
sensor is surrounded by liquid) over the period 
that the slope becomes positive until it becomes 
negative. A part of the signal is considered to be 
"dry" from the moment that the slope of the signal 
becomes negative until it becomes positive. These 
parameters were chosen on the basis of results 
obta i ned from measurements of the th i ckness of a 
single lamella (see figure 2). These experiments 
confirmed also that the glass fibre sensor is not 
deteriorating the foam by moving through it. Only 
the mechanical part far behind the sensor tip is 
causing some foam collapse but it has no effect on 
the measurement. The sample points that are part of 
a "wet" signal are assigned the number 1, the "dry" 
sample points are assigned the number 0 . This way 
a digital signal is obtained of which a part may 
look as in the next example: 
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.. 0 111100000000001111110 .. 
1 II Ill 
dry wet dry wet dry 
Because the _iensor _ipeed (SS) is 10· 1 m s · 1 and 
the 1ampling .rate (SR) is 1 MHz the distance the 
sensor moved between two sample points is given by 
SS/SR and becomes Jo· ' m. By counting the sample 
points the chord lengths can be calc ulated . The 
lengths of the chords I, II and III in t he examp l e 
mentioned above are respectively 0.5 IJm, 1.0 11111 and 
0 . 6 pm. 
The chord lengths the sensor travelled through 
the gas phase are the basis for the calculation of 
the bubble-size distribution. The array of sample 
points has a dimension of 1,000,000. Every sample 
point in the array has an individual array index 
number. The computer program selects the array 
index numbers of the sample points corresponding to 
the liquid phase (i.e. having value 1) and stores 
them in a second array in the computer memory. The 
chord lengths can be calculated using equation 2 on 
the second array. 
where, 
Cl = (N, - N, - 1) •(~ ) 
SR 
(2) 
Cl 
N, 
N, 
ss 
SR 
The chord 1 ength [m]. 
The array index number of 
the first sample point of 
the subsequent "wet" chord 
1 ength. 
The array index number of 
the last sample point of 
the "wet chord length 
preceding the "dry" chord 
1 ength. 
Sensor speed [m s 1]. 
Sample rate (s" 1]. 
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For the calculation of the bubble-size 
distribution from the gas chord lengths, a problem 
similar to the so called "tomato saladn problem has 
to be solved: The measured chord lengths of gas 
bubbles can not be transformed in a simple way into 
the actual bubble-size distribution, because the 
sensor hardly ever travels through the two polar 
ends of a bubble. Furthermore, larger bubbles have 
a greater chance of being pierced by the sensor than 
the smaller bubbles. Weibel (!980) and later 
Kawakami (1988) developed a statistical method to 
calculate the size-distribution from the chord 
length distribution. This method was modified and 
used for the calculation of the bubble-size 
distribution in foams. These modifications will be 
explained and discussed in a paper to be published 
in the near future. The bubble-size distribution is 
given as the number of bubbles per unit volume foam 
per class of bubble diameters. The calculated bubble 
diameters are assigned to 35 classes with a width of 
50 11111 divided over the range from 0 t.~m up to 1750 
IJm . 
In order to test the statistical program of the 
method, experiments were carr i ed out with an almost 
monodi sperse foam that was made by means of bubbling 
N2 through a capillary into a 1% Teepol solution. 
The diameter of the generated bubbles were varied by 
using capillaries with different diameters. The 
atmosphere above the foam was also nitrogen. 
Therefore gas exchange between the top 1 ayers of 
bubbles in the foam and the atmosphere was 
minimized. Nevertheless some gas diffusion out of 
the bubb 1 es in the top 1 ayers to the atmosphere wi 11 
take place as a result of the higher Laplace 
pressure in these bubbles compared to the 
atmospheric pressure. The number of bubbles that 
participate in this process is negligible compared 
to the total number of bubbles that are detected by 
the sensor in one measurement. Measurement of the 
bubble - size distribution in these systems showed a 
very narrow distributions of bubble diameters 
corresponding to the diameters of the generated 
bubbles. Figures 4a to 4c represent these bubble-
size distributions of model foams with average 
diameters of respectively 264 Jim, 892 Jim and 1380 pm 
and gas fractions of respectively 84.6%, 86.8% and 
87.6%. These average diameters were determined by 
measuring the bubble diameters on photographs of the 
bubbles during gene r ation and on photographs of the 
bubbles in t he outer top- and side-layers of the 
foam. The histograms show a maximum of the number of 
bubbles in the class with bubble diameters 
corresponding with the average diameters measured on 
the photographs . 
A routine measureme nt starts with pouring a 
fixed volume of liquid into a cylindrical glass 
containing a bottom of sintered glass. By moving the 
glass fibre downwards, t he position of the liquid 
surface is measured and stored in the computer for 
use in the calculat io n of the gas fraction. Then a 
foam column is produced by dispe r sing gas th r ough 
the gl ass sinter at a constant flow rate until the 
foam column reaches a predetermined level. In this 
way , a foam co l umn of about 10 em is produced in 
approximat ely 10 seconds. This height is necessary 
to ensure that at least 500 bubbles wi 11 be 
detected by the sensor so tha t a r eliable 
statistical calculation can be performed. The 
measurement is done by moving the sensor downwards 
through the foam in 1 second. The computer 
subsequently registers the upper level of the foam, 
the liquid-gas transitions in the foam and the 
position of the liquid-foam interface. 
Measurements carried out in the same sample at 
consecutive time i nterva 1 s but at different p 1 aces 
in the same sample give information about the rate 
of drainage, the rate of foam collapse , the changes 
in foam height, foam volume and gas fraction and 
the evolution of the bubble-size distribution. 
The Foam Analyzer has some disadvantages: (1) 
bubbles with a diameter smaller than the diameter 
of the sensor tip (i.e. 20 IJm) are not detected or 
not detected in the right way. Because these small 
bubbles have a low contribution to the gas volume, 
the control of the gas fraction is not conclusive 
with respect to these bubbles. However, these 
missing bubbles (<20 pm) are certainly important 
for the foam behaviour. They promote 
disproportionation and if coalescence takes place 
the number of bubbles in the class with the 
smallest detectable bubbles will also increase. (2) 
The theory assumes that the bubbles are all of a 
spherical shape and are randomly distributed over 
the available volume which is perhaps not always 
the case. However , the deviation between the 
spherical and the polyhedric shape is not 
significant because the differences in the measured 
chord lengths will be compensated. (3) In the 
original bubble - size distributions, some bubble 
sizes are missing. This is a result of the size 
distribution of the holes in the glass sinter. (4) 
If there are changes taking place in the foam 
within the calculation time of the computer (i . e. 
one minute), only the effect of these changes after 
one minute can be measured. In the case of a C0 2 
foam disproportionation proceeds very fast, 
especially in the first minute. The advantages of 
the method are: (I) The calculation of the bubble-
size distribution can be carried out within one 
minute : the distribution is plotted as a his t ogram 
on the computer 1 s monitor. (2} In addition to the 
bubble-size distribution the rate of drainage, the 
rate of foam collapse, the gas fraction and the 
foam height can be measured in the same sample . (3) 
From repeated measurements, it was found that the 
reproducibility of the method is good. 
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The standard deviations of respectively 
drainage , collapse , foam height , gas fraction and 
bubble-size distribution are 0.8 11111 , 0.8 rrm, l rnn, 
0.5 % and 0 . 1 % in classe s of bubbles with small 
diameters and 5% in classes of bubbles with large 
diameters . 
A 1 though the mechanisms determining the events 
that occur when the sensor enters a f ilm are not 
exactly known, the results of .t he expe r iments 
mentioned above confirm that the method gi ves up to 
a large extent accurate i nforma t ion about the 
bubble-size distribution and other physical 
proce s ses that occur in t he foam duri ng age ing. 
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Figure 4a to 4c: The bubble - size distributions 
measured in model foams. 
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Figure 5: A typical signal obtained when moving the 
sensor downwards through a COl -foam. 
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In figure 5, a typical signal obtained on a 
measurement in a C02 beer foam is presented. For 
the sake of clarity, every lOOth sample point of 
the tota l 1,000,000 sample points are plotted. 
Therefore it is a rough representation of the 
original signal. The signal starts at a constant 
l ow level because the sensor travels initially in 
air. When the sensor enters the foam, the signa 1 
increases. The position of this first gas - liquid 
transition is stored to calculate the foam height 
and gas fraction. The alternating signal of high 
and low values reflects the consecutive liquid -gas 
and gas - liquid transitions. Finally the signal 
remains at a constant high level at the moment the 
sensor passes the bottom of the foam and is 
travelling in liquid . The position of this foam-
l iquid interface is also stored for t he calculation 
of the foam height and the gas fraction. 
Additionally, from the shifts in the positions of 
the foam surface and foam- liquid interface with 
time, the rate of respectively foam collapse and 
the rate of drainage can be calculated. 
Figure 6 represents the gas fraction 
deterrni ned with the two independent methods 
mentioned above as a function of time after the 
production of the foam co l umn. The standard 
dev i ations of the measured and the calculated gas 
fractions were ± 0 . 48 %and ± 0 .36 % respec ti ve l y. 
There are no signif i cant differences between these 
gas fractions which is an argument in favour of the 
present technique. Repeated experiments done with 
foams made by using glass sinters with different 
pore sizes showed a very good reproducibility, even 
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and aN; beer f oam at t=O minutes (7c) and t=2.5 minute s (7d). 
in foams with rather small bubbles (100-300 Jlnl). A 
disadvantaQe is the limitation of detectinq the very 
small bubbles as a result of the sensor diameter and 
the low contribution of the bubbles with small 
diame t ers to the total qas fraction in the f oam. As 
a result there wi 11 be an error in the measurement. 
Compared to tile expected Gaussian - shaped size 
distribution normally found there should be bub bles 
smaller than the diameter of the sensor tip. At this 
moment a method is beinq developed to pr oduce 
smaller but still riqid sensor tips in order to be 
able to detect bubbles smaller than 20 ~m . 
In fiqures 7a and 7b , typical examples of the 
bubbl e -size distributions in a beer foam made with 
C0 1 a re presented. The vertical axis is the 
loqarithm of tile number of bubbles per rnl foam . 
Because of the loqari thmic sca le, small variation s 
in bar heiqht represent larqe differences in the 
number of bubbles. The horizontal axis is the bubble 
diameter distributed over classes with wi dths of 50 
Jllll. The time interval between the measurements is 
2.5 minutes. Additionally, the bubbl e -size 
distributions in a N, -foam of beer at t=O minutes 
and t=2.5 minutes are prese nted in respectively the 
fiqures 7c and 7d . Initially the bubbl e- size 
distribution in a fresh foam is independent on the 
kind of qas that is used to produce the foam column: 
the bubble-size distribu t ions i n the f iqures 7a and 
7c are approxima t ely equal. The prope r ties of the 
qlass sinter in the bottom of the qlass and the used 
liquid determine the bubble - size distribution i n the 
initial foam column which means that qaps are found 
in the initial bubble-size distribut i on . Ourinq 
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aqeinq of the foam, the evolu t ion of the bubble -
size distribution is found to be very reproducible. 
In the C0 7-foam and the N7-foam , the qas fractions 
were respectively 82 . 6% and 83 . 6%. After 2.5 
minutes the qas fractions have increased to 
respectively 95.7% and 96.2% as the result of 
drainaqe . The bubble -size distributions of the CO,-
foam and the N ~ -foam are now however completely 
differen t. An increase of the number of bubbles in 
the reqions with smaller and larqer diameters and 
a decrease of the number of bubbles in the middle 
reqion of the bubble-size dist r ibution is an 
indica tion for disproportionation as the main 
physical process resultinq in coarseninq of the 
foam durinq aqeinq . These chanqes in the bubble-
size dist r ibution are found in the C0 7-foam i n 
which a larqe number of bubbles becomes smaller as 
can be seen most clea r ly in the classes with bubble 
diameters of 20 Jlffi up to 75 tJ111. The number of 
bubbles in the middle reQion of the bubble-si ze 
distribution (450 Jlm-750 Jlm) decreases and the 
number of bubb 1 es in the reqi on with 1 arqe 
diameters increases wi th in the time interval of 2 .5 
minutes . A decrease of the number of bubbles with 
small diameters and an increase of the number of 
larqe bubbles and du rinq aqeing of the foam 
indicates that coalescence is the main physical 
process that lead s to the breakdown of the f oam . I n 
the case of N7- foam, the number of bubbles in the 
reqion with smaller diame ters (25 Jlm-450 pm) 
decreased and t he number of bubbles in the reg i on 
with large r diameters (750 Jlm- 1750 pm) increased 
wi thin the time inte rval of 2 .5 minutes. Therefore 
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coa l escence is the main physical process in N1- foam 
leading to the breakdown of the foam. As a resu lt of 
the 50 times higher so lubi 11 ty of C0 2 compared to 
N2 , interbubble gas diffusion does take place to a 
large extent in the C0 2- foam within 2.5 minutes. 
Thus by using gasses with different solubilities, 
the physical processes of coalescence and 
disproportio n at ion can be di st i ngui shed by measuring 
the bubble -size distributions . 
The method can be used for different kinds of 
f oam with the restriction that there are no hard 
structures in the foam that could break the very 
thin glass fibre. If the sample is too sticky it can 
foul the glass fibre sensor resulting in an 
inaccurate measurement (Akkerman et al. 1991). 
Conc lu s ions 
The Foam Analyzer can be used to study 
important physical properties of liqu id foams. The se 
properties depend to a large extent on the 
distribution of the gas and the liquid phase. 
Therefore, by measuring the bubble-size distribution 
in addition to the gas fraction, the rate of 
drainage and the rate of foam collapse, a great part 
of the behaviour of foams can be analyzed. The 
knowledge of the bubble-size distribution and gas 
fraction is a great advantage in the st udy of 
coalescence, disproportionation and drainage in 
foams. 
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Discussions with Reviewers 
M. Rosenberg: What wi 11 be the effect of othe r 
dispersed phase - fat, ice crystals? 
Answer: The applicability to measure bubble-size 
distributions in systems containing fat or ice 
crystals was not tested. The method presented here 
is only applicable to liquid foam s as for instance 
soap froth and beer foam. It has to be mentioned 
that the statistics used to calculate the bubble-
size distribution is only applicable to systems 
with spherical bubbles as can be found in for 
instance chocomousse or beer foam. 
M_ Rosenberg: The method seems to be applicable to 
systems with relatively large air cells. Many food 
systems contain smaller air cells. In suc h systems, 
the applicability seems to be limited. 
Authors: The l imit of the bubble radius that can 
be detected depends on the diameter of the sensor. 
At this moment, a method is being deve 1 oped to 
produce sensor tips with a di arneter of 1 11m or 
s111aller at the end of the glass fibre. The problem 
is that such sma 11 sensors become very fragi 1 e and 
therefore have to be supported . With sma 11 er 
sensors, it is possible to measure smaller bubbles . 
F. van Voorst Vader: Figure 4 indicates that very 
high gas fractions were present in some samp l es (up 
to 95%!). Is it still allowed to apply the "tomato 
salad" statistics under these conditions, or is the 
foam lamellar so that the statistics for cel lular 
materials must be used? 
Authors: The very high gas fractions are not 
primarily the result of a polyhedric struct ure but 
also of the heterodispersity of the foam in which 
the smaller bubbles are situated in the plateau 
borders of the larger one's. This can be 
i l lustrated by means of a simple calculation. 
Assuming the model presented in figure 8 with 
bubbles of radius R, the maximum radius of bubbles 
that can fit in the plateau border is described by 
equation 3 . 
where, 
r , R ( 2 - {3) 
.,B 
(3) 
Radii of the larger 
bubbles [m). 
Radii of the bubbles that 
fit in th~ plateau border 
[m]. 
Table 1. The maximum radii r [pm] of bubbles that 
can fit in the plateau borders of bubbles with 
rad ii R [prn]. 
C.G.J. Bisperink et al. 
Table 1 shows that R:r is about 6.5:1. Therefore the 
smaller bubbles easily fit in the plateau borders of 
the larger ones that are measured and presented in 
the histograms in the figures 7a to 7d. Furthennore, 
in the plateau borders that exist in the situation 
presented in figure 8 can again give room to even 
smaller bubbles. Additionally, the three dimensional 
intersections of plateau borders are even larger and 
give more room to bubbles with smaller diameters. It 
can be concluded that the wider the bubble - size 
distribution the more possibilities there are that 
smaller bubbles in the distribution can fit into the 
plateau borders of the larger ones. The situat i on 
presented in figure 8 is a very simple assumpt i on 
but it already indicates that a foam can have a very 
high gas fraction ·..:hen the foam consists of 
spherical bubbles. 
Figure B. A schematic drawing of the plateau border 
between bubbles with radii Rand the bubble with 
radius r that fits in this plateau border. 
F. van Voorst Vader: Even droplets somewhat larger 
than the tip might be pushed away laterally or be 
entrained by its motion; thi s would cause errors in 
the measurement of the film thickness. Can you gi ve 
a more extensive discussion of the interaction 
between the tip and the bubbles? 
Authors: The foam has a certain stiffness . 
Therefore bubbles with rather small diameters can be 
measured and are not pushed aside by the sensor. On 
the other hand, small bubbles that do not take part 
of the stiff foam structure can be pushed aside by 
the sensor. To avoid this phenomenon, the first 
measurement is done 5 seconds after the foam column 
is produced. The major part of the foam column has 
then become dry enough as a result of drainage that 
leads to a stiff structure. Additionally the very 
small bubbles had time to rise in the plateau 
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borders. The plateau borders become smaller at 
higher levels in the foam. At a certain level, the 
plateau borders are so small that the rising 
bubbles can not move through and they are forced to 
take part in the rigid foam structure. The 
indication that the major part of the bubbles take 
part in the stiff foam structure is that the t otal 
number of detected bubbles does not increase 
between the first two measurements. Normally the 
first measurement 500 to 550 bubbles are detected 
and the second measurement 475 to 525 bubbles. An 
additional check are the independently determined 
gas fractions that have to be equal within the 
range of ± 0.2% . If these gas fractions differ by 
more than ± 0. 2%, the measurement is not accepted. 
F. van Voorst Vader : A comparison between the data 
obtai ned by the present method with those from 
alternative methods, using either beer foam or 
(preferably) stable foams would be valuable. 
Authors: Until now no alterna t ive method is 
presented in 1 i terature that can be used to compare 
with the data presented in this paper. The known 
methods have a reso 1 uti on that is too low or the 
preparations of the sample before a measurement can 
be done are so radical resulting in deterioration 
of the foam that these methods do not give an 
accurate impression of the bubble-size distribution 
in a foam. 
